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Driving Fundamental Questions in e+A

e What is the fundamental quark-gluon
structure of light and heavy nuclei?

e Can we experimentally find and explore a
novel universal regime of strongly correlated
QCD dynamics?

® What is the role of saturated strong gluon
fields, and what are the degrees of freedom
in this strongly interacting regime?

® Can the nuclear color filter provide novel
iInsight into propagation, attenuation and
hadronization of colored probes.

Nucleus
serves as:

Object of
Interest

Amplifier

Analyzer



Landscape of e+A Physics
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Measurements with A = 56 (Fe):

(©)

eA/uA DIS (E-139, E-665, EMC, NMC)
vA DIS (CCFR, CDHSW, CHORUS, NuTeV)
DY (E772, E866)
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* ENC@GSI and EIC@HIAF
» time line uncertain (> 2020)

» do not extend kin. range
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Landscape of e+A Physics
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Landscape of e+A Physics
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= » Realization in our grasp \ :
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EIC Realization (e+A) - Basic Design

e eRHIC (BNL) @
» Add ERL+FFAG Recirculating raarzcor &3 ‘ mmmmmmm i
e Rings to RHIC facility
» Electrons 6.3-15.9 & 21.2 GeV /E.;zz::rz zzzzzz 9 o
> lons (Au) up to 100 GeV/u .
» s=20-93Gev N
» L=1.7x103¥ cm?s/Aat e
Vs=80 GeV =

From AGS

lon
source

e MEIC (JLab)

Warm large booster . _
(3to 25GeVlc)  Three Figure-8 rings

» Figure-8 Ring-Ring Collider, re-booster
use of CEBAF -
4 EleCtronS 3'1 2 GeV Warm electron collider ) _ rﬁgtzzigzzzllédeevr)
ring (3-12 GeV) Me_dlum-energy IPs w!th
» lons 12-40 GeV/u horizontal beam crossing
> s = 11-45 GeV
» L=2.4x10% cm? s /A at
Vs=22 GeV

eRHIC: arXiv:1409.1633, MEIC: arXiv:1209.0757 5



Exploring QCD at Large Q?, v

Color propagation and neutralization

® Fundamental QCD Processes:
» Partonic elastic scattering
» Gluon bremsstrahlung in vacuum and in medium (E-loss)
» Color neutralization

. 6 t
» Hadron formation } dynamic confinemen

® Nuclei as space-time analyzer

>V\MA.: @;\5& » high Q? and v (— large x):
.. ¢ ® Energy of struck quark (the
probe) is known

@ No initial-state interactions

%.;é&;jif—:) © No color spectators (as in pA)
® Hadronization in and out of

medium can be varied (v)



Color Propagation in Nuclel

® Partonic energy loss in pQCD (e.g. BDMPS*) L. /E /4
exhibits a critical system length L. below which

energy loss is independent of the parton energy  £c X L*g

AE A AE A
L < L.: AE x L*§

L>L.: AE x L\VEG

FixedL L2G

N L\/ché

EC >Eq
EIC access to quadratic region - Extract and study G
o
Observaplgs:/Tools: NA(éQQ > NAQ?, v, 2, pr)
» Multiplicity Ratio: Rj, = ——— VS
ND(Q2,0) ND (Q y Vs ZapT)
Ey,

Zh — ——
*Baier et al., NP B483 (1997) 291 v 7



Multiplicity Ratios: Semi-Inclusive Studies

1.50 |

Ratio of particles produced in lead over proton

1.30 .

1.10

0.90 |

0.70 ]

0.50 |

® D9 mesons (lower energy)
B Pions (lower energy)

+ o DO mesons (higher energy)
DO O Pions (higher energy)
Wang, pions (lower energy)

% - - = = Wang, pions (higher energy)

1-0 pion

+ 1-0DO0
systematic systematic
uncertainty ﬁ> uncertainty

0.01<y<0.85,x>0.1,10 fb™

HERMES: v = 2-25 GeV
EIC: 10 <v <1600 GeV
EIC: heavy flavor!

% Lines/Points: different models

Large difference in | | o
fragmentation st L o
function (FF) of D .

and &t ;

Higher energy: 25 GeV2 < Q2 < 45 GeV?, 140 GeV < v < 150 GeV g 15
0.30 Lower enerlgy: 8 GeV? < Q%< 12 GeIVZ, 325 Ge\I/ <v<375 IG-eV
0.0 0.2 0.4 0.6 0.8 1.0 !
z o~ 0.5
e Slope of D’s sensitive to g and FF T A
e Strong Sensitivity of Shape on v is ’

powerful tool




Gluon Distribution from Jets at EIC

Jets: window to partons, DIS is a clean environment

® Color propagation in cold medium, gluon distribution from 2+1-
jet, modification of jet fragmentation, ...

“2+1” jets
most interesting jet } A
S

. d20.2—|—1 5 5
Cross-Section: To AR~ ag(zp, Q%) +bq(zp, Q%]

® Technique
» a and b: matrix elements from pQCD (use MC due to cuts)
> Xp =X (1+8/Q?%), $§isinv. mass of dijet system
» Extract gluon distr. via: g =(Omeas. - b q)/a



Gluon Distribution from Jets at EIC

Preliminary simulations:
® Qutgoing electron energy: E’'min, minimal jet pt : pTmin
* Azimuthal separation between the 2 jets: A¢ >zt — ¢ (in the Breit
frame — ensures that the 2 jets come from the hard scattering)

® Clustering: kt algorithm with R=1 (large but OK in DIS)

Gluon- |n|t|ated dljet events (LEPTO) stat. errors for |Ldt = 1 fb-1/A

4 T T S
© 0.14 [ -
o 35 L EIC:200n100Gey | 8
= 5 o012 | .
G 3r 1 -
S E'min =2 GeV L 01 -
£ 25 Prmin =2 GeV 7 =
— 2 0.08 | -
2 - -
g o
><o) 1.5 | | GL) 0.06 =
S 4L i S 0.04 [ .
~ —
S 05 F 4 2 002f i
0 | L Ll L h 1 -'(7) O 11
0.01 0.1 1 1
X X

Gregory Soyez, EIC Note (2008)  More detailed studies under way 10



Take Away Message: Large QZ?, v

EIC provides new capabilities to open a new QCD frontier:
access to study color propagation, neutralization, and
fluctuations (Apt?)

EIC can shed light on the hadronization process and on what
governs the transition from patrons to hadrons

It offers an unprecedented v reach and, for the first time,

allows the study of heavy flavor propagation and correlations
In nuclear matter.

EIC allows jet studies at x > 0.01 which open an alternative
door into fragmentation and E-loss studies, as well as a
measurement of the gluon momentum distribution.

Many other interesting studies not discussed here (EMC, ...)

11



EIC: Structure Functions (Inclusive DIS)

dQO.eA—>eX AT 2 2 2
dzd(Q? — :EC(;L [(1 —y+ %) Fy(z, Q%) — %FL($7Q2)]
/

quark+anti-quark gluon

F> and FL are benchmark measurements:
Theory/models have to be able to describe the structure
functions and their evolution.

Reduced cross-section:

B dZO' 33Q4 . 2 y2 2
= (2eacp) ety o~ B9 T e

12



EIC: Structure Functions (Inclusive DIS)

5

4.5

4

=< 3.5

red(X7Q2)' Iog10(

© 15

0.5

d’o rQ* 2
2 Y 2
" (dxd@2 2ra?(1 4+ (1 — y)?] (2, Q) 1+ (1—y)? (z,Q7)
E [Ldt =10 fb1/A « 50n50 GeV - e+Au 141 z
o = 50n 100 GeV - e+Au 120 <hadowin | E,
x=20x10° o 20 on 100 GeV - e+Au A DT

- 8 ;3-2;1=°5_2x10_4 World Data (A=Fe) = I

S-S x=_8.2x_1(1)-‘;x10_3 & 0.8

_—0"'2___9——"3:__.37 x = 2.0x10° Errors enlarged X 06

. x=32x10"° -

E::g—-i@"é_.-é—"‘i ; x=s200  byfactor3 0.4

oo o Y - 8.2x10° I '
:’_:Z—“U';’@__g..-é—:g:::g X< 1.3x10° 0271 | EIC Coverage
:’-'gi:gii:&"g"ﬁ 5. x=20x10% '?0-4 103 102 101 1
E::__"o__iio bo, B0 .h--ﬁ"_o 5 X=8.2x107 X

RPRRT L e o~ K7 .5- Xx=5.2x102

I L LR Lo LA SR A

- A0e - B ¥ g0 400 MO K000 X =82x10% o Pyth|a + EPS09

C 0....?.!...!!..uo-m--n@-u@---.;{;----@----O---éx=1.3x1o"

L e e ek e em oo X = 20X10 ® Assume 3% systematic

® s SF o8  e80.e¥0 om0 . .m0 --mo---0 X =3.2x10" uncertainty
__ 8. oH 8N ey eNO om0 emO--mO-- o X =5.2x10"
: IR B I W R 1 Sttt ety . e 8 1 Sl |'ﬁ'i'|'|'i'||x=8'|2><1|0-1| 1 o Measurement
2 3 -
1 10 10 10 dominated by
Q2 (GeV?d)

systematic, not £ hungry

12



Structure Functions (Inclusive DIS)

d2O.eA—>eX 47TC¥2 y2 y2
— 1 — |\ F 2 _ZF 2
oo = | (1= v+ B Rt - LR @?)

S 0'3§ -1
F2(X,Q2)- log(X) o EIC 20 on 100 GeV 02f _ fLdt =10 fb"/A
4,51 = EIC 50n 100 GeV o1k + \ 3
- x =2.0x10* Tl ‘++ LH ‘ 3 ‘+
[ x=32¢10° F2 World Data (A=Fe) ob 3
4 g x=52x10" - -
[ 07 9 x=82x10° 01F Q2= L o
-"Q,.-é"‘g P08 axi0? JLdt =10 fol/A - Q°=1.39 GeV? | Q°=2.47 GeV?
3 5"_——‘? % ..~ x=20x10° 0.3¢ ' ' '
. :_!o--'é____(;.—-' oo x=82x10° Errors enlarged - -
- e ¥ g x=52a0 by factor 3 02 3
3 .g—-*ci__!é___q-é @ ; x=8.2x10° otk (+ h + i
oo™ !'Q-—!Q""é_ ________ 5 X =1.3x10 wE 3
2.5 ?-'o‘:.o_:-:c"'b"b ¢ .. x=20x107 2 2
Fey % bi}bé 2 01E 3
2:"""'U"ﬁ:io-—io--'I'tf"'l'i’""f’"'é x=3.2x10 03; Q2=4.39 GeV? = Q2=1.39 GeV?
L e o 5 3t . .
Z.!.---.—---i—---@--i&--i‘:f"ié"i?" g X=520 3 = m 20 GeV on (50,75,100) GeV
1 5: o BB g ogogo o d oy X=82x107 0.2¢ - 4 5GeV on (50,75,100) GeV
~r a0 0oy X 13X107 o 01F ']' +‘ ] ¥
1k .....-..._...j---l;---lo---xa---@---b----o....o x = 2.0x10™ 0_ 3
: 01F Q2 e
: AR R R oooeoo X320 O Q2=13.89 (Iaev2 | Q2=24.7 G:eVe |
0.5¢ E BBy EO--E>--EO--mO--wp X =5.2x107 ' 1078 X 102 107 X 102
O 1 1 lllllll 1 1 lllllll 1 1 lllllll 1 111
1 10 102 103

Q2 (GeV?)

Extending knowledge on structure function into realm
where gluon saturation effects emerge



Structure Functions (Inclusive DIS)

2 2

L—y+ 5 ) Fale, Q%) = T Fi(2,Q”)

dQO.eA—>eX 47’(’&2

dedQ?  zQ4

5
E Fy(x,Q2)- 10g4o(X)  © EIC200n 100 GeV \g14(%)
4.5 . = EIC 50n 100 GeV
i =2.0x10°
4: 8 §=3.2§10‘4 ) F2 World Data (A=Fe) 4 r Bt il 50n 100 GeV - e+Au
- . 9. x=52x10" - )
ok AL P fLdt = 10 foV/A o x=20x10° ° 2001100 GeV - e+Au
3.5 -9 éé " x=2.0x10° 35 [ o x=32x10* y ILdt =10 fb'1/A
: :_!o--":’ Ly Q. x=32x10° Errors enlarged D E o 5:5.)(221gzx10_4
’-Q.-.Q‘ [ éﬂ - x = 5.2x10° by factor 3 _0___0-' ) X =1.3x10%
3 .6,.!5"2___,1,;_.— ¢ v  x=8.2x10° 3 _:_O___Q__.Q---g:__g_ x = 2.0x10° Errors enlarged
,!o——'l'O";Q__h__,.é--‘_?____é. x = 1.3x102 ___O___O_.._z---c o x=3240° by factor 3
Coo-%0 g W @ _ ! [ co-#0-- 2 70 s x=5.2x10°
2'52.1---16"15 & i@__b..-é---'é“ x =2.0x10° N 2.5 :__Q_..o---o"jg"_o 5 x=82x10°
b O gyl & x=3.2x10 o fo 50 i} ,
2__._...ig h-i@--i&"*@"b"'c ? 5 O --EO - o O x =1.3x10
-__.-—---“" - . . - -5~ X=5.2X10-2 ___ ---O’"‘O-_t __-b D =2_0x10-2
oo g B R0 ) __?____U___O___O___b____@...c- Q- x o
Jsh At e dg gy X=82010 M S i
. -~ L~ .0 = X
L '.IO-ID 0B -O-- x=13x10" | b aa - O - - By - HO- - HO- - -0~ 0
B . -1 LS BRGh LEEE LELS o~ - B0~ - g0 - -gO- - -gO-- - -7 - - o- x=8.2x102
1r ‘m 8 RO, m.-m - m-my oo X = 20X10 1 e O....O...-O....O...-?..._Q___(? x =1.3x10"
L = _ -1 L . g--E---B---B o..-o...o.....Q...O...O x =2.0x10"
05F o oo X =320 05EF = emes o5 2G40 0. 0 X =3.2x10"
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Extending knowledge on structure function into realm
where gluon saturation effects emerge



Dihadron Correlations

“S_ir_nple” measuremer)t beam-view, | trigger
giving access to multi-parton
correlations prassee LI
Predictions:
Pronounced saturation effect Dihadrons:
0.25 - Less restrictive acceptance and
- Q=1 GVt y=07 15 GeVx 100 GeV ] cuts than for 2+1 dijet analysis
0 - ep I E e’
N suppression ] e
= 015~ increasing with A —
S . Q? 9 o et
O o1 R - *
0.05 — —
N T,
2 2.5 3 3.5 4 4.5 ;
A¢ (rad) @

Dominguez et al. PRD83, 105005 (2011),
PRL 106, 022301 (2011) 14



Dihadron Correlations

“Simple” measurement beam-view ~ ptrigger
giving access to multi-parton
correlations prassoc LT
Predictions:
Pronounced saturation effect
0-25_ ] L L L L L
F Q'=1GeV’, y=07 15 GeV x 100 GeV | 0.4 | Pri>2Gevic 15 GeV on 100 GeV _
02F ] B s ]
l: o : F Vet A dememesm
B suppression ] 0.3 0.6<y<0.8 4 oAu-sat |
—~ 0.15 — increasing with A —{ - / \ ]
= - N = B i
2 . 1 2 N ]
O o1F J O ozf .
0.05 - - 0.1~ .
ok 4 0 L / i
2 2.5 3 3.5 4 4.5 2 2.5 3 3.5 4 4.5
A¢ (rad) A¢ (rad)
Dominguez et al. PRD83, 105005 (2011), Zheng et al., PRD89 (2014) 074037

PRL 106, 022301 (2011) 14



Dihadron Correlations

“Simple” measurement
giving access to multi-parton
correlations

Simulations (no-sat):

Pythia+DPMJet+Fluka
+EPSQ09+E-loss

Include Sudakov form factor to
account for generated
radiation through parton
showers. Reduced difference
between sat and no-sat.
Includes sys+stat errors.

C(A¢)

0.4

0.3

0.2

0.1

beam-view " ptrigger

p.l.assoc JU

tri

1 GeVic <p***°<p'™
0 2<Ztri9 Zass0C <0.4 +

: h 7%y ! e BN
1<Q%<2 GeV?/c* 7
0.6<y<0.8 -4 eAu - sat

-4 e+Au - no-sat

pli9>2 GeVic 15 GeV on 100 GeV ]

Zheng et al., PRD89 (2014) 074037
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Dihadron Correlations

“S_ir_nple” measurement beam-view - trigger
giving access to multi-parton
correlations prassog Lt
) 0_4:_ plo>2 Gevigsoc " 15 GeV on 100 GeV_:
Clear saturation/CGC o et 4 f
signatures with access to 03[ shoms Tk hewem
the relevant kinematic s I :
variables x, Q2 O 0zp g
0.1 -
s ]

Zheng et al., PRD89 (2014) 074037
14



Key Measurements - Diffraction

Diffractive physics will be a major component of the e+A
program at an EIC

* High sensitivity to gluon

HERA: OaiffOtot ~ 15% density: o~[g(x,Q*)F* due to
. color-neutral exchange
/  Only known process where
spatial gluon distributions can

be extracted

l X (My)

Largest rapidity
gap in event

/
1
1
]
1
|
p.P N oo O=F—
N o - Plpl

Xip

] Y (My)
t ’ breakup of A t:  momentum transfer
coherent incoherent squared | |
p/A stays intact p/A breaks up Mx: mass of diffractive

final-state i



Key Measurements - Diffraction

Diffractive physics will be a major component of the e+A
program at an EIC

How to identify diffractive events?
e Rapidity Gap
» Requires hermetic detector

/ e Coherent vs. Incoherent Diffraction

» N be detected using emitted n and y
(ZDC), spectator tagging (Roman Pots)

= Simulations shows it works
W2
g X (My)
Xp Largest rapidity
gap in event
PP o O=F—— v
3 Pp’ breakup of A t:  momentum transfer
coherent incoherent squared
p/A stays intact p/A breaks up Mx: mass of diffractive

final-state i



Diffractive over Total Cross-Section

® Predicted to be enhanced in eA compared to ep at large 3,
i.e. small Mx? (B ~ Q3(Q?+Mx?))

» 3 = momentum fraction of the struck
parton with respect to the Pomeron

Q2=5 GeV?, xp = 103

1.4

. ® |Large B: small Fock states
(qq) scattering off the
nucleus

» absorbed in nuclei

e Small 3: large Fock states

.~ . Sn, thick: ipsat, thin: bCGC | with one or more gluons
— Au tthk 1psat th1n bCGC .
0 02 04 06 08 1 scattering

p » enhanced (scatter off)
Kowalski et al. Phys.Rev. C78 (2008) 045201

12

D D
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Diffractive over Total Cross-Section

0.02 -
0.018 |

(1/0to1) dogiff/dM;? (GeV2)

0.002 |

1.8 F
1.6 |
1.4 F

ratio (eAu/ep)

08 07 06 05 04 03 02

--- eAu - Saturation Model
E —— ep - Saturation Model
== eAu - Shadowing Model (LTS)

- —— ep - Shadowing Model (LTS
0.014 P 9 (LTS)

Q2 =5 GeV?
0.016 |
EIC: 15x100 GeV
0.012 F JLdt =1 fb"1/A

0.01 f
0.008 é

0.006 |-
0.004 -

S~
S
~ .,

-~
-
-

-
=

saturation model
1.2 F

0.8 f
0.6 f
0.4
02f

shadowing model (LTS)

oF
107"
M2 (GeV?)

Dramatic prediction:
Saturation models: ~25%
or more of all events are
diffractive.

Not seen in Leading Twist
Shadowing pQCD models

Day-1 measurements
that will give clear
evidence for saturation

Mx? (B) dependency
needs to be measured



Exclusive Diffractive Vector Meson Production

e Allows to measure momentum transfer tin eA
» in general, one cannot detect the outgoing nucleus and its

momentum
» here:
2 2 ' - ion:
t = (ps—pa)?=(Pym+Do —P.) Dipole Cross-Section

IO-7 T T TTTTII{ III{

o [ saturation 1
non-linear-regime -

|

q,— “ i
Y*'\/\/\< E >: V= Jhp, b, p.y :
. :

- dilute
- linear-

A A - regime
t i
Il Il | | lll Il
Dipole Radius
e small size (J/W): cuts off saturation region ) Jhy S P
* large size (@,p, ...): “sees more of dipole amplitude” ¢

A\ 4

A

— more sensitive to saturation



Exclusive Diffractive Vector Meson Production

e Allows to measure momentum transfer tin eA
» in general, one cannot detect the outgoing nucleus and its

t

momentum
» here:

= (pa—pa)’ = (Pym+Pe —P.)

|

é: V=Jdh, ¢,p,y

t

e small size (J/W): cuts off saturation region
* large size (@,p, ...): “sees more of dipole amplitude”
— more sensitive to saturation

2

Dipole Cross-Section:

- non-sat
- dipole model

~

1
2
N Qs - I’_2 B
- dilute

- linear- ]
- regime

L | L | llll L
) J/lp ) Dipole Radius
¢

A\ 4
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Exclusive Vector Meson Production

1.2~ e+ p(Au) — e’ +p’'(AU’) + JAp
Lee

E——

0.8 ,::“““uﬂﬂﬂﬂﬁﬁﬁ+++++++++++++

e no saturation

—

(1/A%3) o(eAu)/o(ep)

0.6 | = saturation (bSat)
0.4 B Coherent events only
_ fLdt =10 fb-1/A
x < 0.01
0.2 B Experimental Cuts:
- PRC 87 (2013)  In(edecay)l <4
- 024913 p(edecay) >1 GeV/c

1 2 3 4 5 6 7 8 9 10
Q? (GeV?)

(1/A%3) o(eAu)/o(ep)

2.2
2.0

1.8F

1.6
1.4

12F

0.8
0.6

0.4

0.2

15

of

e+ p(Au) — e +p’(AU’) + ¢
L KK

Py e no saturation
m saturation (bSat)

- Coherent events only
- [Ldt=10"fb1/A
x < 0.01

ok Experimental Cuts:
C |T](Kdecay)| < 4
__ p(Kdecay) > 1 GeV/C

e Sartre event generator (bSat & bNonSat = linearized bSat)
e As expected: big difference for ¢ less so for JAp

e Note: A%3 scaling strictly only valid at large Q2
¢ Day-1 measurements that will give clear evidence for saturation
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Spatial Gluon Distribution from do/dt

Diffractive vector meson production: e + Au —» e’ + Au' + J/y, ¢, p

e Momentum transfer t = |pau-pau|? conjugate to br

a o coherent - no saturation
105ED ¢ o incoherent - no saturation
= O = coherent - saturation (bSat)
— (w0 ¢ incoherent - saturation (bSat)
S 104 L
> =" fLdt =10 o™
O] - .y 1<Q2<10GeV?, x<0.01
S 103
c 10
- 2
-.5 ~ R o0 l. o
= 10%p oot
- - ]
S c
_< B Dl.aie:i‘:ttbg\:\m
?f.) 105_ -ﬁ‘:":I ..l DDD
> C - a _-!'FiE:E‘:EID‘I'DDEth
< 1L s D F -'-. L
9/D g pald ..-" Dchr;
© 1l n(Kdecay)! < 4 **'P‘ ‘*ﬁ
107 p(Kdecay) > 1 GeV/c p
= (b) St/ = 5%
10'2_\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\
0O 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18

It] (GeV?)
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Spatial Gluon Distribution from do/dt

Diffractive vector meson production: e + Au —» e’ + Au' + J/y, ¢, p

e Momentum transfer t = |pau-pau|? conjugate to br

J/ w o coherent - no saturation
o incoherent - no saturation
= coherent - saturation (bSat)
e incoherent - saturation (bSat)

—
o
~

[_|m}

—
o
w

T IIIIIII| T IIIIIII| I'IL‘II(BI T IIIIIII| T IIIIHH].:l_r
()
a

fLdt = 10 fb™"
1<Q2<10 GeV2, x<0.01

—_
o

o8 Au = €' AU 1t (nb/GeV?)
- 2

T 101 In(edecay)! <4 i it
E p(edecay) >1 GeV/c JL
B ot/t = 5% i
10-2 o e b b P Pl P Py PN
0 0.02 0.04 0.06 008 0.1 0.12 0.14 0.16 0.18

It (GeV?)
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Spatial Gluon Distribution from do/dt

Diffractive vector meson production: e + Au —» e’ + Au' + J/y, ¢, p

e Momentum transfer t = |pau-pau|? conjugate to br

E J/ o coherent - no saturation o0
10* == w o incoherent - no saturation dO_
o= = coherent - saturation (bSat)
:'D e incoherent - saturation (bSat) F dA A JO (Ab) dt
n
108, fLdt = 10 o'
= 1<Q2 <10 GeV2, x < 0.01 0

t= AZ(1-x) = A2

—_
o
TTTTIT T @ IO TTIT T

o8 Au = €' AU 1t (nb/GeV?)
- 2

T 101 In(edecay)! <4 il gt
p(edecay) >1 GeV/c JL
Otht = 5% i
10-2 o e b b P Pl P Py PN
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18

It (GeV?)
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Spatial Gluon Distribution from do/dt

Diffractive vector meson production:

e+tAu—e +Au +JN, d, p

e Momentum transfer t = |pau-pau|? conjugate to br

—
o
~

o coherent - no saturation
o incoherent - no saturation
= coherent - saturation (bSat)

e incoherent - saturation (bSat)

=3 F(b)

(\’j-\
> 3
o 103k fLdt = 10 fb!
Q 1<Q%<10 GeV?2, x < 0.01
2 o
= 102 :
°
o o
> 10 -~ ':J — -
GTJ L 3 0.08
1 ‘ ~
< ?ﬁ 2 0.06
9/0 |!|!I!I! b
T 10" In(edecay)l <4 !|fe S 0.04
p(edecay) >1 GeV/c JL e
ot/t = 5% ] 0.02
10'2 L 1| ‘ L 11 ‘ L 1| ‘ L 11 ‘ L 11 ‘ (IR L 1| L1 1 (IR
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0

It (GeV?)

r do

/ AA A Jo(Ab) 4/ =

0
* t= A2/(1-x) = A

—

—— Jhp bNonSat
--------- Woods-Saxon

PRC 87 (2013) 024913 t

4
o

0 5 10
b (fm)

e Converges to input F(b) rapidly: || < 0.1 almost enough
e Fourier transformation requires [£dt > 1 fb-1/A
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Take Away Message: Small-x

® \We identified key measurements that will allow to
unambiguously establish and study with precision a novel
strongly correlated regime of QCD

e The EIC will allow to study the spatial and momentum
distributions of gluons and sea quarks in light an heavy nuclei

e Diffractive events play a vital role in the e+A Program due to
its sensitivity to the gluon distributions. They allow us to study
distributions and correlation in a fully intact system while no
net color is exchanged with the probe.
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Complementary of e+A and p+A

e e+A: high precision & access to partonic kinematics (Q?, x, v)
® p+A: probe glue directly, higher cross-sections
® Flood of interesting features of p+A
» initial state effects, cold matter energy loss
» ridge, flow coefficients vn, 2/3-particle correlations, ...
® Same physics is accessible in e+A
» photoproduction (Q%=0), tagging of high Nch events
» ridge, vn, 2/3-particle correlations?
e e+A will provide crucial input for A+A not provided by p+A
» e.q. initial state (spatial and momentum distribution of glue)

O

P g e =\\ v
%A Mi*’*

A

|

\
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Summary

The e+A program at an EIC is unprecedented, allowing the
study of matter in a new regime where physics is not described
by “ordinary” QCD. New capabilities open a new QCD frontier
to access color propagation, neutralization, and fluctuations

¢ \We identified and studied key measurements whose ability to
extract novel physics is beyond question
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Summary

The e+A program at an EIC is unprecedented, allowing the
study of matter in a new regime where physics is not described
by “ordinary” QCD. New capabilities open a new QCD frontier
to access color propagation, neutralization, and fluctuations

¢ \We identified and studied key measurements whose ability to
extract novel physics is beyond question

Realizing this exciting program in high-energy
QCD demands an Electron-lon Collider!
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